WORLD INTELLECTUAL PROPER: 
International Bureau 



ert/organization 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(51) International Patent Classification 3 : 
A61K 31/725; C08B 37/10 



Al 



(11) International Publication Number. WO 81/03276 

(43) InternationalPnbItcationDate:26November 1981 (26.11.81) 



(21) International Application Number: PCT/US8 1/005 19 

(22) International FUing Date: 17 April 1981 (17.04.81) 

(31) Priority Application Number: 151,163 

(32) Priority Date: 19 May 1980 (19.05.80) 

(33) Priority Country: US 



(71) Applicant: RIKER LABORATORIES, INCORPORA- 

TED [US/US]; 19901 Nordhoff Street, Northridge, 
CA 91324 (US). 

(72) Inventor. BARNETT, William, E.; P.O. Box 33427, St 

Paul, MN 55133 (US). 

(74) Agents: GIPPLE, Donald, C. et aL; Office of Patent 
Counsel, Minnesota Mining and Manufacturing Com- 
pany, P.O. Box 33427, St Paul, MN 55133 (US). 



(81) Designated States: AT (European patent), AU, CH (Eu- 
ropean patent), DE (European patent), DK, FR (Euro- 
pean patent), GB (European patent), JP, LU (Euro- 
pean patent), NL (European patent), NO, SE (Euro- 
pean patent). 



Published 

With international search report 



(54) Title: IMPROVED ANTICOAGULANT SUBSTANCE 
(57) Abstract 

Partially depolymerized heparin products having particular analyzable reducing end groups, a process for their prepara- 
tion and their use as anticoagulants and antithrombotics. 



FOR THE PURPOSES OF INFORMATION ONLY 



C odes used to identify States party to the PCT on the front pages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


KP 


Democratic People's Republic of Korea 


AU 


Australia 


LI 


Liechtenstein 


BR 


Brazil 


LU 


Luxembourg 


CF 


Central African Republic 


MC 


Monaco 


CG 


Congo 


MG 


Madagascar 


CH 


Switzerland 


MW 


Malawi 


CM 


Cameroon 


NL 


Netherlands 


DE 


Germany, Federal Republic of 


NO 


Norway 


DK 


Denmark 


RO 


Romania 


n 


Finland 


SE 


Sweden 


FR 


France 


SN 


Senegal 


GA 


Gabon 


su 


Soviet Union 


GB 


United Kingdom 


TD 


Chad 


HU 


Hungary 


TG 


Togo 


JP 


Japan 


US 


United States of America 



WO 81/03276 



PCT/US81/00519 



Description 

Improved Anticoagulant Substance 

Technical Field 

This invention relates to partially depoly- 
5 merized heparin products having .particular analyzable re- 
ducing end groups, to their use as anticoagulants and 
antithrombotics and to a process for their preparation. 

Background Art 

Heparin is a mucopolysaccharide composed of 

10 amino sugar and uronic acid residues. It can be obtained 
from beef, porcine, sheep, whale or other mammalian tissue 
by extraction with a solution of potassium acetate, 
alkaline ammonium sulfate and the like. The commercial 
product (USP heparin) is available from several sources, 

15 generally as an alkali metal or alkaline earth salt (most 
commonly as sodium heparin) ♦ 

Heparin is probably the most effective available 
medication for treating the extension of established 
venous and arterial thrombi and recently it has been used 

20 for preventing thrombosis as well. In both areas of 
treatment .bleeding or hemorrhaging has been a major 
problem, some investigators reporting the incidence of 
hemorrhaging to be as high as 35 percent. Indeed, this is 
the major limitation of the therapeutic use of heparin, 

25 bleeding occurring at a heparin level which is only 

marginally greater than that which is required to prevent 
extension of thrombi. Thus/ a heparin product having an 
increased ratio of antithrombotic -to hemorrhagic 
properties would represent an important advance in both 

30 therapy and prophylaxis. 

Until approximately ten years ago the anti- 
thrombotic/hemorrhagic effect of heparin was equated with 
its anticoagulant effect, i.e. its effect on blood 
clotting in vitro. Over the last five years, however, it 

35 has become clear that different heparin fractions have 

CMH 
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..different anticoagulant effects, that bleeding can be 
increased by an effect on platelets and that the precise 
anticoagulant effect responsible for its antithrombotic 
properties is uncertain. In other words, the ratio 
5 between the antithrorobitic and hemorrhagic properties of 
heparins can vary considerably from fraction to fraction. 

Heparin is heterogeneous at the molecular level, 
.i.e. it contains polymeric chains of varying lengths and 
compositions . Thus , a heparin extract of a mammalian 

10 tissue would be expected to contain polymer chains ranging 
in molecular weight from possibly as low as 5,000 to as 
high as 50,000 daltons and made up of a variety of 
monosaccharide units, including glucuronic acid, N-acetyl 
glucosamine, N-sulfated glucosamine, iduronic acid, 

15 o-sulfated glucosamine and o-sul fated iduronic acid 

residues. Furthermore, there are a multitide of possible 
arrangements of these residues. The following passage 
and formula from an article by Rosenberg and Rosenberg 
(appearing in Drug Therapy, September 1979, pages 2€-3€, 

20 at 28) are representative of current information in this 
area: 

During the past few decades, invest- 
igators in this field have identified the various 
types of monosaccharides present within heparin, 

25 established the bond configurations that join these 

elements, and determined the arrangement of these 
entities with respect to their neatest neighbors. 
It has been shown, for example, that nonsulfated 
iduronic acid residues seldom occur and that 

30 sulfated iduronic acid moieties are four to. five 

times more frequent than glucuronic acid residues. 
Furthermore, N-sulfated glucosamine constitutes 
approximately 90% of the hexosamine residues, 
with N-acetylated glucosamine making up the 

35 remaining small fraction of hexosamine moieties. 

Nonsulfated, nonacetylated glucosamine residues 
are rarely observed in heparin preparations. 
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There have been a number of attempts to 
correlate the structure of heparin with its anti- 
coagulant properties. Only recently, however, has 
it been realized that what is commonly referred to 
5 as "heparin" comprises a host of mucopoly- 

saccharide species with slightly different primary 
sequences • 



Heparin* 




N-sulf ated O-sulf ated N-acetylated Glucuronic 
glucosamine iduronic acid -. glucosamine acid 



15 The sequence shown above represents only one of 

the many possible arrangements of hexosamine and 
uronic acid residues that exist within the 
polysaccharide chain of heparin. 

Thus, heparin has a considerable degree of poly- 
20 dispersity in molecular size, variations in the ratio of • 
glucuronic acid to induronic acid, alterations in the 
amount of sulfate ester and N-sulf ation, and differing 
extents of N-acetylation. Changes in any of these 
parameters have been correlated only to a very limited 
25 extent with heparin's antithrombotic potency. Accordingly, 
it has been widely assumed that its antithrombotic 
activity is not traceable to a single specific heparin 
structure, and in any event, no precise relationship 
between its structure and function is currently known, 
30 although significant progress has recently been reported 
by Rosenberg and Lindahl. 

Efforts have been made to increase the ratio of 
the desired antithrombotic activity to the undesirable 
hemorrhagic property of heparin by -chemical and/or 

f OMPI 
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physical modification thereof. Also, low molecular 
weight modifications have been sought with the hope that 
they would be orally absorbable and a number of efforts 
have been made to synthesize chemical compounds and 
5 polymers (termed heparinoids) having structures similar 
to natural heparin and possessed of equivalent or 
superior properties. Perhaps the most pertinent from 
the point of view of the present invention is work re- 
lating to: (1) physical separation of natural heparins 

10 into active and inactive forms and fractions varying in 

molecular weight and pharmaceutical properties (Rosenberg 
and Lara. Proc. Natl. Acad. Sci., USA, Vol. 76, No. 3, 
pages 1218-1222, April 1979); (2) enzymatic depolymer- 
ization (U.S. Patent 3,766,167, Laskar et al, utilizing 

15 heparinase); (3) chemical depolymerizations (base-catalyzed 
depolymeri2ation: Hirano et al, Connective Tissue Research, 
1975, Vol. 3, pages 73-79, and nitrous acid depoly- 
merization: Shively and Conrad, Biochemistry, Vol. 15, 
No. 18 (1976) , pages 3932-3942 and others cited therein; 

20 also Rosenberg and Rosenberg, ibid.). 

However, none of the foregoing has resulted in 
a practical product (and none shows substantial promise 
for doing so). Thus, the physical fractionation and 
enzymatic depolymerization of natural heparin, (1) and 

25 (2), have been very difficult and have resulted in only 
very small quantities of product. These could never be 
made available to the public since the necessary pro- 
cessing would result in, at the very least, a hundred 
fold increase in cost compared to USP heparin. The 

30 chemical depolymerization processes (3) have resulted 
only in products having very low average molecular 
weights (e.g. in the range of 1,000 daltons or below) 
which have no significant antithrombotic activity. 

Disclosure of Invention 
35 The present invention relates to chemically 

partially depolymerized heparin having 
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(1) a weight average molecular weight of from 
about 2,000 to 7,000 daltons, when deter- 
mined by HPLC (high pressure liquid 
chromatography, as described hereinafter) 

5 using 1.5 molar aqueous sodium chloride 

as the mobile phase and dextrans as the 
standard, 

(2) a polydispersity (D) of less than about 

10 2.5, and 

(3) analyzable reducing end groups of which 

a majority are anhydromannose groups, i.e. 




15 CHO 



This product is chemically unique and it appears 
to have an improved ratio of antithrombotic to hemorrhagic 
activity compared to standard heparin. This is demon- 
strated in terms of an increased therapeutic index, as 

20 will be shown herein. It can be administered in the same 
way as USP heparin, i.e. ordinarily intravenously or 
subcutaneous ly. It is prepared from natural heparin 
(ordinarily commercial USP heparin or its equivalent is 
utilized as the starting material) in excellent (i.e. up 

25 to quantitative) yields. The preparative process, which 
comprises the controlled partial depolymerization of 
heparin with nitrous acid, represents only a minimal 
additional cost burden compared to USP heparin. It 
produces directly a product having a surprisingly narrow 

30 molecular weight range which requires no further 

fractionation (i.e. having polydispersity, D, below about 
2.5 as noted previously) • 
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Also contemplated is a method for inhibiting the 
coagulation of blood (i.e. for treating the extension of 
established venous and arterial thrombi and for preventing 
the formation of thrombi) which comprises mixing a 
5 partially depolymerized heparin as defined above with 
blood. 

Detailed Description 

The values obtained for the molecular weights 
of the polymers of the present invention (and of 

10 naturally occurring heparin and other chemical and 

physical variations thereof) vary to some extent with 
the particular test method used, and it is therefore 
necessary in referring to test results, ranges of values, 
etc, to specify the method (and also the test conditions) . 

15 The high pressure liquid chromatography method described 
by Petracek and Sugisaka in the Federation Proceedings, 
Vol. 36, No- 1, January 1977, pages 89-92 , has been found 
to be particularly dependable for determining the molecular 
weights of the polymers of the present invention and has 

20 therefore been adopted herein (frequently being referred 
to simply as HPLC) . 

Both 0.5 molar aqueous sodium sulfate and 1.5 
molar aqueous sodium chloride have been. used as the mobile 
phase in carrying out the HPLC molecular weight determina- 

25 tions, and other salts and other concentrations could be 
used as well. Although the absolute values obtained in 
these two systems differ, there is a definite relation- 
ship between them and a measured value in one system can 
be readily converted into the other. The 1.5 molar sodium 

30 chloride system is presently preferred. Although it tends 
to be very corrosive of eqiupment with which it comes into 
contact, the strict exclusion of air and other oxidizing 
agents from contact therewith has been found to obviate 
this problem. 

35 Three complementary test values, all based upon 

HPLC data (and all being well known to those skilled in 
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the art), are utilized. The first, peak retention time 
molecular weight, is determined quickly and easily as the 
data is being generated and is conveniently used in 
monitoring and/or controlling the course of the depoly- 
5 merization reaction. The others, the weight average 
molecular weight and number average molecular weight, 
take longer to calculate but can be used to provide a 
more meaningful characterization of the polymeric product. 
Thus, the weight average molecular weight is perhaps the 

10 best single value of the molecular weight of a polymer 
sample and the ratio of the weight average molecular 
weight to the number average molecular weight, conven- 
tionally referred to as polydispersity (D) , is a generally 
recognized measurement of the overall sharpness or breadth 

15 of the range of the molecular weights of the polymer chains 
therein. 

The weight average molecular weight of commercial 
(USP) heparin as determined by the various available 
analytical methods is reported to lie between about 

20 10,000 and 25,000 daltons. By contrast, the products of 

the present invention have weight average molecular weights 
between about 2,000 and 7,000 daltons and ordinarily at 
least 90 percent by weight of the polymer chains therein 
have molecular weights less than 15,000 daltons (all by 

25 HPLC using 1.5 molar aqueous sodium chloride as the mobile 

phase and dextrans as the standard) . The products of the 

invention having weight average molecular weights of about 

4,000 or less are preferred for their higher therapeutic 

indices (the therapeutic index herein is the ratio of 

30 the X activity to the USP activity, as discussed on a 
a 

following page) . The products of the invention having 
weight average molecular weights of greater than about 
4,000 form a second group of products preferred for their 
higher specific antithrombotic activities (higher X a 
35 activity) . 

The analyzable reducing end groups of the 
polymeric chains of the products of the present invention 
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result from the partial depolymerization process and 
consist essentially of anhydromannose (i.e. 2,5- 
anhydromannose) , iduronic acid and glucuronic acid 
moieties (commercial USP heparin itself contains no such 
5 end group moieties). Ordinarily from 51-90 percent of 
these groups are anhydromannose. Although the present 
invention is in no way conditioned upon or limited by it, 
the following explanation for the presence of these groups 
in the products of the invention is suggested. 

10 Heparin is a carbohydrate and it is well known 

that individual carbohydrate polymer chains contain no 
more than one end group which can be analyzed, i.e. the 
so-called reducing end group. Nitrous acid is believed 
to break heparin chains at glycosidic bonds between 

15 N-sulfated glucosamine residues and uronic acid moieties 
therein (Rosenberg and Rosenberg, ibid. , at page 29) . In 
the partial degradation reaction of the present invention 
only some of these bonds are broken, and such chain 
breaks ordinarily result in the formation of an analyzable 

20 anhydromannose group, although Tinder some conditions the 
formation of other end groups have been reported (Shively 
and Conrad, ibid.). 

' The amounts of each of these types of end 

groups in polymers of the present invention (which can be 

25 conveniently reported in nanomoles per milligram of sample) 
is determined by the following general procedure (also 
•described by Shively and Conrad, Biochemistry (1976), 15, 
3932) : 

A solution having a known concentration of a 
30 heparin sample to be analyzed is prepared. An aliquot of 
the solution is reduced with tritium-labeled sodium 
borohydride to introduce a tritium-label selectively into 
the available reducing end groups in the sample. After 
destruction of the excess sodium boro'hydride , the sample 
35 is hydrolyzed with 1 normal sulfuric acid and treated 
with nitrous acid to convert the labeled reducing end 
group to a mixture of anhydromannitol , beta-l-glucuronosyl 
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anhydromannitol and alpha-l-iduronosyl anhydromannitol / 
all of which are labeled with tritium, in the anhydro- 
mannitol residue. These are separated on paper 
chromatograms and the amount of tritium in the three 
5 components is measured in a scintillation counter using 
the * 4 C-glucose as an internal standard. From the total 
tritium in these three products , the molar amount of 
anhydromannose at the reducing ends is calculated. The 
uronic acid end groups are measured in a separate 
10 chromatographic system in which the 1-gulitol (from 

1-glucuronic acid) and 1-idonitol tfrom 1-iduronic acid) 
are separated. 

The following outline more specifically describes 
the amounts of reagents and the conditions used. 



OM?I N 
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Stock solution: 80 yg. sample dissolved in 1.0 ml. H 2 0 



25 



30 



100 nl. stock solution 
+100 til. 14 C-glucose (internal std.) 
(19.6 x 10 5 cpm.) 
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(3) 


20 
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(4) 




405 


Ul. 



25 ul. 1 M Na 2 C0 3 

35 yl. 0.25 M NaB 3 H 4 (315 mCi/mmol) 

50°, 45 min. 

15 |il. 6 N R~SQ A 
2 4 

reduced sample (5 ul. is analyzed fo: 
ness of reduction) 

dry in stream of air 
dissolve in 120 ul. H 2 0 



dry in stream of air 

dissolve in 90 ul. 1 N H 2 S0 4 , 100° , 8 hrs. 
225 ul. 5.5 M NaN0 2/ 30 min. rm. temp. 
90 ul. 1 M Na 2 C0 3 



25 ul. for chromatography 

1 Paper chromatographic assays 

Sample A, 37 hrs. 

(2 disaccharides) 
Sample B, 18 hrs. 

( anhydromanni tol h 




Anhydromannose assay 
3Ac : NaAc : HCOOH : 
on Whatman No. 



EtOAc : NaAc : HCOOH z H 2 0-18 : 3 : 1 : 4 



3 paper 

(3 anhydromannitols) 
see text 



Uronic acid assay 

EtOAc : pyridine : 5 mM H 3 B0 3 

on cellulose PO^ paper 

(measured as gulitol and 
idonitol) 
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The weight average molecular weights of the 
polymers of the invention can also be calculated directly 
from their total end group analyses (assuming a single 
analyzable end group per polymer chain) . Using this 
5 method, the weight average molecular weights of the 

polymers of Examples 1-5 is calculated to be from about 
5 f 400 to 6,400 daltons. The comparable range of 
molecular weights measured by the HPLC method (on the same 
polymers using 1.5 molar sodium chloride as the^ mobile 

10 phase) is 4,600 to 5,700 daltons and ultracentrifugation 
analyses indicate molecular weights in the range of 4,800 
to 6,100 daltons. 

Aside from their end groups, the polymers of the 
present invention contain the same monosaccharide units 

15 as do those of the naturally occurring heparin from which 
they are prepared. 

As noted previously, the product of the present 
invention appears to have an increased therapeutic index, 
compared to standard heparin. This therapeutic index is 

20 the ratio of two well-known in vitro anticoagulant pro- 
cedures: the X a ar anti-factor X a assay (which is described 
by Yin et al, J. Lab. Clin. Med., Vol. 81, No. 2, February 
1973, pages 298-310) and the DSP assay, the officially 
accepted criterion for determining the potency of 

25 commercial heparin which is conventionally prescribed for 
the prevention and treatment of thromboses {described in 
the United States Pharmacopeia XIX, pages 229-230) . Other 
workers in the field (Barrowclif f e , T. X., Johnson, E. A. , 
Eggleton, C. A., Kemball-Cook , G. and Thomas, D. P., 

30 Anticoagulant Activities of High and Low Molecular Weight 
Fractions, British Journal o- Haematology, 1979 ,'41, 
573-583) have suggested that the X & activity of heparin 
samples correlates with their prophylaxis of venous 
thrombosis. On the other hand, the USP assay provides 

35 a broad measurement of all anticoagulant effects (i.e. 

including hemorrhagic as well as antithrombotic effects) . 
Thus, although no in vitro procedure is available which 
measures either the antithrombotic or the hemorrhagic 
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property alone, it is believed that the ratio of the X a 
and USP activities does provide a meaningful anti- 
thrombotic to hemorrhagic therapeutic index. 

In order to obtain more dependable and re- 
5 producible results, the X a and USP assays of the products 
of the invention are run side by side, with a commercial 
USP heparin control. The latter has been rated by the 
United States Pharmacopeia as to its USP assay (potency) 
and its X & and USP assays are conventionally defined as 

10 being the same. Thus possible minor day to day variations 
in the tests are corrected by reference to the rated value 
of the heparin standard. 

The products of the invention ordinarily have X a 
activity of at least 100 IU (International Units) per 

15 milligram and USP activity of from about 30 to 60 IU per 

milligram when compared to a standard USP heparin control. 

The ratio of X activity to USP activity of the products 
a 

of the invention is preferably at least 3:1 and most 
preferably at least 3.5:1, which compares to the ratio of 

20 1:1 for commercial USP heparin. This ratio is referred to 
herein as the therapeutic index. 

An exception to the foregoing are the products 
of the invention having weight average molecular weights 
below about 3,500 (especially 3,300 and below) determined 

25 by HPLC using 1.5 molar sodium chloride as the mobile 

phase, in which the USP activity and the X & activity both 
drop. However, the USP activity drops more rapidly with 
molecular weight than does the X a activity, with the 
result that these lower molecular weight products have 

30 lower potencies but considerably higher therapeutic 
indexes . 

The process of the invention comprises reacting 
a heparin salt with from about 5 to 100 milliliters of an 
aqueous nitrous acid solution per gram of the heparin 
35 salt, the aqueous solution containing from about 5 to 80 
milligrams of nitrous acid per gram of the heparin salt 
under controlled conditions of temperature in the range of 
about 0° to 30 °C and pH in the range of from about 1.5 to 




WO 81/03276 



PCT/US81/00519 



- 13 - 

4 until the heparin has partially depolymerized to a 
product which has 

(1) a weight average molecular weight of from 
about 2,000 to 7,000 daltons , when deter- 

5 mined by KPLC using 1.5 molar aqueous 

sodium chloride as the mobile phase and 
dextrans as the standard, 

(2) polydispersity (D) of less than about 2.5, 
and 

10 (3) analyzable reducing end groups of which 

a majority are anhydromannose groups, 
terminating the depolymerization reaction and recovering 
the partially depolymerized product. 

The reaction can be. carried out and terminated 

15 in either of two ways; a. completely consuming the 

nitrous acid (i.e. by limiting the amount of nitrous acid 
in the initial charge so that it is just sufficient to 
bring the depolymerization reaction to the desired point) 
or b. charging a moderate excess of nitrous acid and 

20 terminating the reaction (ordinarily by adjusting the pH 
to 7 or above) when the desired degree of polymerization 
has been achieved. 

The total amount of nitrous acid (nitrite) added 
per gram of heparin is particularly important in a. since 

25 an excess will degrade the heparin to provide monomers. and 
oligomers with no signficant anticoagulant activity. 
However, the amount required cannot be simply calculated 
from the stoichiometry of the mixture since only a part 
of the nitrous acid added will actually react with the 

30 heparin. The remainder, e.g. perhaps up to 80 percent or 
more of the amount added, is lost by decomposition or by 
simply escaping from the reaction mixture. The reaction 
temperature, the pH and the concentration of the nitrous 
acid in the aqueous solution are all factors in the 

35 efficiency of use of the nitrous acid and must be care- 
fully controlled and balanced (as will be discussed 
hereinafter) . The amount of nitrous acid required for a 
given set of conditions is easily determined empirically 

CMK 
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e.g. by simply varying the amount of nitrous acid in 
several lots in which the other conditions are kept 
consistant and measuring the molecular weights of the 
resulting products. 
5 The reaction can be conveniently monitored by 

analyzing for the disappearance of nitrite. Alternatively , 
the peak retention time molecular weight can be monitored 
as the reaction proceeds and the reaction stopped when 
approximately the desired molecular weight is reached. 

10 It has been found that the peak retention time molecular 
weights of these polymers are ordinarily less than but 
within 20 percent of their weight average molecular 
weights (usually within 10 percent thereof). Thus, the 
reaction in method b. is ordinarily terminated when a 

15 peak retention time value about 10 percent above the 

desired weight average molecular weight has been reached 
(i.e. at approximately 2,500 to 8,000 daltons) . 

The starting material for the process of the 
invention can be any available heparin. Commercial USP 

20 heparin itself, whether prepared from hog mucosa or from 
beef lung, is especially suitable. Ordinarily the 
precursor is utilized in the form of a salt, conveniently 
an alkali metal or alkaline earth salt. USP heparin is 
most generally available as the sodium salt, although 

25 calcium heparin is also sold in some countries. The 

particular salt used has not been found to significantly 
affect the course of the process or the quality of the- 
product of the invention obtained therefrom. 

The heparin salt may be added to the aqueous 

30 medium either before or after a reagent acid (which es 
tablishes the desired pH) . The nitrous acid is 
conveniently formed in situ by adding an aqueous solution 
of a metal nitrite, e.g. an alkali metal nitrite such as 
sodium nitrite, to the aqueous acidic solution containing 

35 the heparin (the amount of the metal nitrite added being 
adjusted to provide a .01-1 percent by weight aqueous 
solution of nitrous acid) . Normally from about 5 ml. to 
100 ml. of the aqueous nitrous acid solution is used p er 

( CTIPI 
N&RNAT\0*> 



WO 81/03276 



PCT/US81/00519 



- 15 - 

gram of heparin, about 10 ml. of the solution per gram 
of heparin being particularly preferred. 

The temperature of the aqueous reaction system 
is maintained at a level at which it remains liquid 
5 (generally not below about -5°C and usually at or above 

0°C) . On the other hand, the reaction rate is undesirably 
high and there is danger of product deterioration at 
temperatures above about 30 °C. 

The reaction is quite sensitive to changes in 

10 pH (e.g. proceeding to completion in as little as 5-10 

minutes at pH 1.5 and requiring as much as 10-18 hours at 
pH 4) . Again, balancing the factors of unnecessarily 
long reaction times with those of loss of control of the 
reaction and undesirable degradation of the product, it 

15 is preferred to operate within the range of pH 1.5 to 4. 
The pH is maintained in the desired range by means of a 
reagent acid which should not be so strong or so con- 
centrated that it will react with heparin, but is pre- 
ferably slightly stronger than nitrous acid. In addition, 

20 the reagent acid should be capable of being easily re- 
moved from the mixture. Presently preferred are alkanoic 
acids of 1 to 4 carbon atoms, and most preferred is acetic 
acid. Other acids, especially mineral acids such as 
dilute hydrochloric acid or sulfuric acid, may also be 

25 used, however. 

The concentration of the nitrous acid is 
preferably kept within the range of the heparin to be 
depolymerized in the aqueous solution. Lower concen- 
trations are not attractive because of the larger volumes 

30 of liquids which must be handled. Higher concentrations 
can be used but may lead to localized undesirable side 
reactions. 

Ordinarily 0.01 to 0.04 gram of nitrous acid 
per gram of heparin is required -to bring the reaction to 
35 the desired point, although this may vary with changing 

reaction conditions and depending to some degree upon the 
desired molecular weight of the product. The preferred 
temperature is from about 15° to 30 °C, and the preferred 
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pH range- is 2;3to*3.0. The most preferred pH is 
approximately 2.8, In a variation of the process, the 
reaction rate can be increased as much as three fold by 
lowering the pH from 2.8 to 2.0, This is accomplished by 
5 utilizing a greater concentration of the reagent acid in 
the aqueous solution of heparin (e.g. by increasing the 
concentration of acetic acid from 1 percent to 40 percent) . 

In order to terminate the depolymerization 
reaction completely , the reaction mixture is either frozen 

10 and later lyophilized or immediately lyophilized. 

Lyophilization is continued until the product is isolated 
as a dry powder. Care is necessary to be certain that all 
acid is removed, to avoid gradual decomposition of the 
product. The product can also be isolated by precipitation 

15 (after adjusting the pH of the reaction mixture to 8 to 
10) with a water-mi scible organic solvent of the type 
employed as described in the art to isolate heparin 
(for example acetone) . Sodium chloride can also be 
included as a precipitation aid. 

20 The product is obtained as an amorphous white 

powder. It is soluble in water, since it is obtained as 
the alkali metal or alkaline earth salt. As noted 
previously, the yields of product from this process are 
excellent, ranging up to substantially quantitative. 

25 The following examples are illustrative of the 

invention, but are in no way limiting thereof. The 
percentages in the examples are given by weight and the 
molecular weights are determined by HPLC unless otherwise 
specifically stated. 

30 Example 1 

A sample of 20 g. of commercial grade sodium 
heparin is dissolved in 1 liter of one percent by volume 
aqueous acetic acid. To this stirred solution is added 
160 ml. of 0.4 percent sodium nitrite solution. After 

35 stirring at about 20°C for 3.5 hours the solution is 
frozen, then lyophilized. A yield of 19.8 grams, of a 
granular white solid is recovered. The following 
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information is obtained on this material: 

Molecular Weight Information (using 1.5 M 
sodium chloride as the mobile phase) 

Peak retention time MW 6,100 daltons 

5 Weight average MW 4,600 daltons 

Number average MW 2,400 daltons 

Polydispersity 1.9 

Weight percent of the sample 

having MW above 15,000 daltons 4.2 
* 

10 Biological Information 

USP potency 41.0 units/mg 

X a potency 167 
a 

Analytical Information 

Nuclear magnetic resonance spectral 
15 analysis indicates that no N- 

desulfation has occurred, based on 
the absence of a peak at 62.5 ppm. 

Elemental analysis, found, 10.4% S 

1.47% N 

Example 2 

20 A sample of 10 g. of commercial grade sodium 

heparin is dissolved in 500 ml. of one percent by volume 
aqueous acetic acid. To this stirred solution is added 
80 ml. of 0.4 percent sodium nitrite solution. After 
stirring at about 25°C for 3.5 hours the solution is 

25 frozen/ then lyophilized. A yield of 8.3 grains of a 

fluffy white solid is recovered. The following information 

is obtained on this material: 

Molecular Weight Information (using 1.5 M 
sodium chloride as the mobile phase 

30 Weight average MW 5,400 daltons 

Number average MW 2,400 daltons 

Polydispersity 2.3 

Weight percent of the sample 

having MW above 15,000 daltons 7.2 

35 Biological Information 

USP potency 37 units/mg 

X a potency 210 units/mg 
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Analytical Information 

Nuclear magnetic resonance spectral 
analysis indicates that no N- 
desulfation has occurred since no 
5 peak occurs at 62.5 ppm. 

Elemental analysis, found: 1.73% N 

Example 3 

Using the procedure of Example 2, a 20 g. 

sample of sodium heparin is partially depolymerized. The 

10 following information is obtained on the resulting product 

Molecular Weight Information {using 1.5 M 
sodium chloride as the mobile phase) 

Weight average MW 5,700 daltons 

Number average MW 2,800 daltons 

15 Polydispersity 2.2 

Weight percent of the sample 

having MW above 15,000 daltons 6.9 

Biological Information 

USP potency 33 units /mg 

20 X a potency 200 units/mg 

a 

Analytical Information 

Nuclear magnetic resonance spectral 
analysis indicates that no N-desul- 
fation has occurred, since no peak 
25 occurs at 62.5 ppm. 

Elemental analysis, found 1.73% N 

Example 4 

Using the procedure of Example 2, a 20 g. sample 

of sodium heparin is partially depolymerized to provide 

30 18.5 grams of a fluffy white solid product. The 

following information is obtained on this material: 

Molecular Weight Information (using 1.5 M 
sodium chloride as the mobile phase) 

Weight average MW 5,500 daltons 

35 Number average MW 2,700 daltons 

Polydispersity 2 * 2 

Weight percent of the sample 

having MW above 15,000 daltons 8.6 
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Biological Information 

USP potency 40 units/mg 

X a potency 200 units/mg 

Analytical Information 

5 Nuclear magnetic resonance spectral 

analysis indicates that no N-desul- 
fation has occurred. 

Elemental analysis, found: 1.79% N 

Residue on ignition 38.9% 

10 Example 5 

Using the procedure of Example 2, a 50 g, sample 

of sodium heparin is partially depolymerized to provide 

46.6 grams of a fluffy white solid product. The following 

information is obtained on this material: 

15 Molecular Weight Information (using 1.5 M 

sodium chloride as the mobile phase) 

Weight average MW 5,100 daltons 

Number average MW 2,200 daltons 

Polydispersity 2.3 

20 Weight percent of the sample 

having MW above 15,000 daltons 3.5 

Biological Information 

USP potency 33 units/mg 

potency 167 units/mg 

• a 

25 Example 6 

The products of Example 1 through 5 are analyzed 
for the reducing end groups present. The results are 
shown in Table I: 



WO 81/03276 PCT/US81/00519 

- 20 - 

TABLE I 

End Group Analyses' (NanomoTes/rag sample) 





Product 
of Ex. 


Anhydro- 
mannose 


Iduronic 
• acid 


Glucuronic 

• • * a ci d - 


5 


1 


98.0 


39.6 


19.5 




2 


109.5 


42.2 


•31.9 




3 


105.0 


36.3 


14.8 




4 


113.4 


30.6 


10.9 




5 


112.7 


30.8 


13.0 ' 


10 


parent 
heparin 


not 
detectable 


not 
■detectable 


not 
detectable 



The weight average molecular weights of the 
products of Examples 1-5 range from 5,400 to 6,400 when 
calculated from the total of the end group analyses. 

15 Example 7 

The use of the process of the invention in which 
the endpoint of the depolymerization reaction is determined 
by the disappearance of the nitrous acid. 

A sample of 5 g. of commercial grade sodium 

20 heparin is dissolved in 250 ml. of 40 percent by volume 
aqueous acetic acid. To this stirred solution is added 
20 ml. of 0.4 percent aqueous sodium nitrite solution. The 
pH of the solution is 1.8. The solution is stirred at 
about 20°C for about 18 hours, then lyophilized. The USP 

25 potency of the resulting solid is 43 units /mg. , its weight 
average molecular weight is 6,600 daltons in 0.5 M sodium 
sulfate solution and 5,500 daltons (estimated) in 1.5 M 
sodium chloride. 

The foregoing procedure is followed in two 

30 additional runs except that the volume of the 0.4 percent 
aqueous sodium nitrite solution is varied. The results 
are shown in Table II, the foregoing run (Lot A) being in- 
cluded for comparison. 
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TABLE II 





NaN0 2 


USP 


LO't 


Solution 


Potency 


No. 


(ml.) 


(Units /mg) 


5 • A 


20 


43 


B 


30 


33 


C 


40 


27 





Wt. Av. 


Wt. Av. MW 


MW-estd. 


(0.5 M) 


(1.5 M 


Na 2 SO i 


NaCl) 


6,600 


5,500 


5,500 


4,300 


4,500 


3,000 



Each of the foregoing products falls within the 
invention, i.e. has a polydispersity of less than 2.5 and 
10 analyzable reducing end groups of which a majority are 
anhydromannose groups. 

Example 8 

The use of the process of the invention in which 
the final endpoint of the depolymerization is determined 

15 by the disappearance of the nitrous acid, but demonstrat- 
ing that the process can be stopped at intermediate points, 
if desired, to obtain product of higher molecular weight. 

A sample of 5 g. of commercial grade sodium 
heparin is dissolved in 250 ml. of 5 percent by volume 

20 aqueous acetic acid. To this stirred solution is added 

40 ml. of 0.4 percent sodium nitrite solution. . The pH of 
this solution is 2.5. The solution is stirred at about 
20 °C. Samples of 25 ml. are removed periodically as 
shown in Table III below, frozen, then lyophilized. The 

25 USP potencies and weight average molecular weights in 0.5 M 
sodium sulfate solution and the estimated weight average 
molecular weights in 1.5 M sodium chloride of these lots 
are as follows: 



CMFI 



WO 81/03276 



- 22 



PCT/US81/00519 



TABLE III 



25 



Lot 
No. 


Reaction 
Time 


Wt. of 
Solid 
<?> 


USP 
Potency 
(Units /rag) 


Wt. Av. MW 
(0.5 M 
Na 2 S0 4 ) 


Wt. Av. 
MW-estd. 
(1.5 M 
NaCl) 


A 


35 min. 


0.52 


59 


7,200 


6,300 


B 


I hr. 


0.52 


40.6 


6,000 


5,000 


c- 


3 hrs. 


0.50 


28 


4 , 800 


3,200 


0 


18 hrs. 


3.50 


26 


4,600 


3,000 



10 In a similar run, a sample of 5 g. of commercial 

grade heparin is dissolved in 250 ml. of one percent by 
volume aqueous acetic acid. To this stirred solution is 
added. 40 ml. of 0.4 percent aqueous sodium nitrite 
solution. The pH of this solution is 2.8. The solution 

15 is stirred at about 20 •C. Samples of 50 ml. are removed 

periodically as in the foregoing run, frozen, then 
* 

lyophilized. The final sample is the balance of the 
reaction mixture. The results obtained (as in the fore- 
going run) from these lots are shown in Table IV. 

20 TABLE IV 



Lot 
NO, 


Reaction 
Time 


Wt. of 
Solid 


USP 
Potency 
• (Units/lag) 


Wt. AV. MW 
(0.5 M 
Na^SO^) 


Wt. Av. 
MW-estd. 
(1.5 M 

• NaCl) 


E 


15 min. 


0.88 


124 


21,900 


17,000 


P 


30 min. ' 


0.85 


116 ' 


19,700 


15,000 


G 


60 min. 


0.88 


104 


13,000 


10,000 


* 

H 


180 min. 


0.90 


65 


6,600 


5,500 


I 


18 hr. 


2.01 


30 


4,500 


3,000 
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Thus it is clear that the reaction can be 
followed and stopped at the desired point. The products 
of lots A-D and H-I fall within the invention, i.e. having 
polydispersity of less than 2.5 and analyzable reducing 
5 end groups of which a majority are anhydromannose groups. 

Example 9 

The use of the process of the invention in which 
the depolymerization reaction is terminated when the de- 
sired degree of depolymerization has been achieved. 

10 Ten grams of USP heparin are dissolved in 100 ml. 

of water and cooled to 5°C, and a solution of 160 milli- 
grams of sodium nitrite in 1.6 milliliters of water is 
added. The pH is adjusted to 2.8, and the reaction mixture 
is stirred without additional cooling for 1-1/2 hours. The 

15 temperature at the end of the reaction is 18 °C. The 

reaction is terminated by adjusting the pH to 8 using 4N 
sodium hydroxide. The partially depolymerized heparin is 
isolated by adding 1.2 g. of sodium chloride followed by 
250 milliliters of acetone. A syrupy oil separates out at 

20 0°C. It is recovered by decanting the clear upper layer. 
On trituration with methanol, 10.1 grams of solid white 
heparin are recovered, having a USP potency of 41 units 
per milligram and a peak retention time molecular weight 
of 6,000 daltons (using 1.5 M sodium chloride as the 

25 mobile phase) . 

The foregoing procedure is used in two 
additional ,runs except that the amount of sodium nitrite 
in the charge is varied. The results are shown in Table V, 
the foregoing run (Lot A) being included for comparison. 
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These products (Lots A, B and C in Table V) all 
have polydispersities less than 2.5 and analyzable re- 
ducing end groups of which a majority are anhydromannose. 

Example 10 

5 Carrying the depolymerization of a sample of 

USP heparin to completion following the procedure of the 
present invention utilizing an excess of nitrous acid. 

One gram of USP heparin is dissolved in 10 ml. 
of water and cooled to -5°C and a solution of about 2.3 

10 grams of barium nitrite (10 mmoles) and 0.98 gram of 

sulfuric acid (10 mmole) in 40 ml. of water is added (the 
latter solution also being at -5°C) . The reaction mixture 
is stirred without additional cooling for about 1 hour. 
The reaction is terminated by neutralizing with sodium 

15 carbonate and the depolymerized heparin product is 

isolated by lyophilization. The product is 1.7 grams of 

a pale yellow powder having a weight average molecular 

weight of 1,000 and a number average molecular weight of 

900 (using 1.5 M sodium chloride as the mobile phase). 

•20 It is found to have no X a potency and no DSP 

a 

potency. 
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Claims 



10 



15 



20 



25 



1. A chemically partially depolymerized heparin product 
which has 

(1) a weight average molecular weight of from about 



HPLC using 1.5 molar aqueous sodium chloride 
as the mobile phase and dextrans as the 
standard, 

(2) a polydispersity (D) of less than about 2.5, 
and 

(3) analyzable reducing end groups of which a 
majority are anhydromannose groups. 

2. A heparin product according to claim 1 which has a 
weight average molecular weight of about 4,000 or 



3. A heparin product according to claim 1 which has a 

weight average molecular weight of greater than about 



4. A heparin product according to claim 1 wherein the 
analyzable reducing end groups are selected from 
anhydromannose, iduronic acid -and glucuronic acid 
of which about 51-90 percent are anhydromannose. 

5. A heparin product according to claim 1 of which at 
least about 90 weight percent has molecular weight 
below 15,000 daltons when determined by HPLC using 
1.5 molar aqueous sodium chloride as the mobile 
phase and dextrans as the standard. 

6. A process which comprises reacting a heparin salt with 
from about 5 to 100 milliliters of an aqueous nitrous 
acid solution per gram of the heparin salt, the 
aqueous solution containing from about 5 to 80 



2,0 00 to 7,000 daltons, when determined by 
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10 

15 7. 
8. 

20 

25 9. 



milligrams of nitrous acid per gram of the heparin 
salt under controlled conditions of temperature in 
the range of about 0°C to 30 °C and pH in the range 
of from about 1.5 to 4 until the heparin has par- 
tially depolymerized to a product which has 

(1) a weight average molecular weight of from about 
2,000 to 7,000 daltons, when determined by 
HPLC using 1.5 molar aqueous sodium chloride 

as the mobile phase and dextrans as the standard, 

(2) a polydispersity (D) of less than about 2.5 , and 
(.3) analyzable reducing end groups of which the 

majority are anhydromannose groups, 
terminating the depolymerization reaction and 
recovering the partially depolymerized product. 

A process according to claim 6 wherein the depoly- 
merization is carried out in the presence of a lower 
alkanoic acid. 

A depolymerization process according to claim 6 
wherein the depolymerization reaction is terminated 
when the peak retention time molecular weight of the 
heparin reaches a desired value in the range of 
2,500 to 8,000 daltons, when determined by HPLC, 
using 1.5 molar aqueous sodium chloride as the mobile 
phase and dextrans as the standard. 

A method for inhibiting the coagulation of blood which 
comprises mixing a chemically partially depoly- 
merized heparin according to claim 1 with blood. 
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